We apply a multi-phase transport (AMPT) model to study two-particle angular correlations in pp collisions at √ s = 7 TeV. Besides being able to describe the angular correlation functions of mesonmeson pairs, a large improvement for the angular correlations of baryon-baryon and antibaryonantibaryon is achieved. We further find that the AMPT model with new quark coalescence provides an even better description on the anti-correlation feature of baryon-baryon correlations observed in the experiments. We also extend the study to p-Pb collisions at √ s = 5.02 TeV and obtained similar results. These results help us better understand the particle production mechanism in pp and p-Pb collisions at LHC energies.
QCD calculation with a screening mass. In the default AMPT model (denoted as AMPT-Default), most of the energy produced in the overlap volume of a heavy ion collision is in hadronic strings and thus not included in the parton cascade. In the string melting version of AMPT (denoted as AMPT-Melting), on the other hand, all excited hadronic strings in the overlap volume are converted into partons. In the AMPT-Default model, partons are recombined with their parent string when they stop interacting, and the resulting strings are converted to hadrons via the Lund string fragmentation [28] . In the AMPT-Melting model, a spatial quark coalescence model is used to combine partons into hadrons. Dynamics of the subsequent hadronic matter is then described by the extended version of a relativistic transport (ART) model [29] . So far the AMPT model has been often used in studies of heavy ion collisions. For example, it has been successful in describing multiple observables in relativistic heavy ion collisions at RHIC and LHC [24, 30, 31] , including pion HBT correlations [32] , two-particle azimuthal angular correlations or longitudinal decorrelation [33] [34] [35] . It has also been used to study the particle production mechanism [36, 37] .
Many new phenomena have been observed at LHC energies, such as the large anisotropic flows developed at p-Pb collisions [38] [39] [40] and even in high multiplicity pp collisions [9, 41, 42] , which indicate that a quark-gluon plasma have been developed in the small collision systems at LHC energies [22, [43] [44] [45] . In earlier studies, the AMPT version v1.26t5/v2.26t5 [46] has been used to study pp and p-Pb collisions at LHC energies. This version [30, 31] describes well the long range azimuthal correlations present in small collision systems [47, 48] . We use this version in our study, where the parton cross section is set to 1.5 mb [49] .
In order to compare with experimental measurements of correlations between trigger and associated particles, we follow exactly the same analysis method as used by the ALICE Collaboration [14] . The two-particle correlation function as a function of relative azimuthal angle ∆φ and relative pseudorapidity ∆η between the particle pair of interest is defined as: 
where S(∆η,∆φ) is the distribution of correlated pairs and B(∆η,∆φ) is the reference distribution reflecting the single-particle acceptance. S is constructed from particle pairs coming from the same event:
where N signal pairs is the number of particle pairs. B is constructed using an event-mixing technique:
where N mixed pairs is the number of particle pairs mixed from different events. In the AMPT model, particles from each event are combined with particles in the same event to build S(∆η,∆φ), while they are combined with particles from other events to build B(∆η,∆φ). Each event is mixed with 10 other events in this study to improve the statistical power of the reference estimation, and the impact parameter direction of the AMPT events is rotated randomly in the transverse plane for the B(∆η,∆φ) calculations. Another check by mixing event with similar event plane direction is carried out. The difference between different background reconstructions is negligible. In order to further investigate the correlation or anti-correlation of the particle pairs quantitatively, a one-dimensional (1-D) ∆φ correlation function can be constructed from the 2-D correlation function by integrating over ∆η as
where the normalization constant A is given by N 
III. RESULTS & DISCUSSIONS

A. Two particle correlations in AMPT model
We first use the AMPT model to calculate minimum bias pp events at √ s = 7 TeV. The correlation functions for different particle pairs from AMPT-Melting are shown in Fig. 1 , and results from AMPT-Default are shown in Fig. 2 . In these figures, we have applied the same kinematic selection criteria as used in the experiment measurement [14] in order to directly compare with the data. They include a pseudorapidity range |η| < 0.8 for all particles and a particle-type-dependent p T selection due to the detector capability: p T > 0.5 GeV/c for p(p), p T > 0.3 GeV/c for K ± , p T > 0.2 GeV/c for π ± , and p T > 0.6 GeV/c for Λ(Λ). The particle-anti-particle correlation functions (panels a1, b1, c1, d1, e1, f1, g1, h1) in Fig. 1 and Fig. 2 show a clear near-side peak structure, where baryon-antibaryon correlations are qualitatively similar to the meson's. The only difference is the magnitude and width of the near-side peak, where the magnitude is higher for mesons and lower for baryon-antibaryon. For the same particle pairs of mesons and baryons (c.f. Fig. 1 and Fig. 2) , the near side peak may represent the contributions from mini-jet interactions with the medium. 
The ∆φ-∆η correlation functions for different particle pairs from the string melting AMPT model for pp collisions at √ s = 7 TeV.
Similar to the measured correlation functions in pp collisions at LHC energies, a distinct near-side peak at (∆η,∆φ) ∼ (0,0) is observed for meson-meson pairs [9, 41, 42] . As discussed in earlier studies [9, 14, 41, 42] , the peak is a combination of several effects, such as the fragmentation of hard-scattered partons, higher mass resonance decays, femtoscopic correlations and Coulomb interaction among charge particles. The AMPT model includes most of the physics process except the femtoscopic effect, thus it reproduces the peak structure of the correlation functions. A more interesting feature is the pronounced depression of near-side distribution in thep-p andΛ-Λ correlation functions as shown in panel (c3) and (d3) of Fig. 1 . This depression structure only shows up in the AMPT-Melting model but Fig. 2 ]. It could be due to additional parton cascade and different hadronization process between the two versions of the AMPT model, as we shall discuss in more details next.
To further compare with the experimental data [14] , we project the 2-D correlation functions in Fig. 1 and Fig. 2 over the |∆η| <1.3 window to the ∆φ axis. Figure 3 shows the particle-anti-particle pair correlation functions along the ∆φ axis in the AMPT model. We have chosen the hadronic rescattering time t H of 0 or 20 fm/c, with t H = 0 fm/c representing the results with the hadronic cascade turned off, to investigate the hadronic rescattering contributions to the correlation functions. In general, both AMPT-Default and AMPT-Melting can qualitatively describe the experimental data, including the near side peak structure and the away side flat distributions. It is expected that mini-jets gives a dominant contribution to the structure of the two-particle angular correlations in pp collisions. Quantitatively, both versions of the AMPT model with sufficient hadronic interaction time (t H = 20 fm/c) better describe the K + -K − correlation function than that with no hadronic interaction time, indicating that high mass resonance decays and hadronic scatterings contribute significantly to the correlation function. In addition, the string melting AMPT model provides a better description of the correlation function data of baryon-antibaryon pairs than the default AMPT model; this suggests that, in addition to hadronic interactions, partonic interactions and hadronization are also important for baryon correlation functions in pp collisions at LHC energies.
We show the same-charge correlation functions from the AMPT model in Fig. 4 . calculations describe the shape of the data reasonably well but have a lower magnitude for the near side peak. This is likely due to the abscence of quantum statistics effects in the AMPT model. Similar findings were reached based on the comparison of PYTHIA calculations to the experimental data by the ALICE Collaboration [14] . On the proton-proton correlation function, results from AMPT-Melting and AMPT-Default both show no depression in the near side. However, the anti-proton-anti-proton correlation functions from the AMPT-Melting version are closer to the data than that from the AMPT-Default calculations. Since the proton-proton correlation function may suffer from resonance weak decay contributions, we have investigated this effect by forcing all the final Λ and Σ 0 to decay in the model calculations. The results including these weak decays are shown as blue open stars in Fig. 4 , and we see that the effect is small.
Regarding the Λ-Λ andΛ-Λ correlation functions, the AMPT-Melting version well describes the experimental data, including a clear depression structure on the near side and a strong enhancement on the away side. The results between t H = 0 fm/c and t H = 20 fm/c for Λs are almost identical. It could be due to the fact that the current AMPT model does not contain resonance decay contribution to Λ (other than from Σ 0 decays), or the role of hadronic scattering is tiny. We also find that results from the default AMPT model are similar to results from PYTHIA calculations [14] and can not describe the experiment data.
Similar studies using the Monte Carlo event generators with different input parameters of PYTHIA [50] were done by the ALICE Collaboration [14] . The results of MC models reproduce reasonably well the meson pair correlations but fail to reproduce the baryon correlations. For those MC model studies [14] , first of all, significant differences are also seen for baryon-antibaryon pairs, where the magnitude of the near-side peak is much higher in all MC models than the ALICE data. Here we have seen that the AMPT-Melting version reproduces the experimental results reasonably well [c.f. Fig. 3 ]. Furthermore, no depression is observed for protons and Λs for any of the MC models using by ALICE [14] . Instead, a near-side peak is present for particle-particle pairs in the PYTHIA results [14] . In our calculations, an interesting observation is that a depression in the near side is present in Fig.4 on Λ-Λ andΛ-Λ correlations. However, no depression is observed for proton-proton orp-p correlations in from our AMPT calculations; instead a near-side peak is present in proton-proton correlations. The version of the AMPT-Melting model used until here has some limitations which may affect our results. For example, the current (i.e. "old") coalescence component in the AMPT version v2.26t5 forces the numbers of mesons, baryons, and antibaryons in an event to be separately conserved through the quark coalescence process, where only the net-baryon number needs to be conserved. The recent development on a new quark coalescence component [49] in the AMPT model removes this forced separate conservations in the old quark coalescence model, and it has been shown to provide a better description of baryon productions at LHC energies [49] . In Fig. 5 we compare the correlations from the old and new quark coalescence. The effect between the difference quark coalescence model is tiny on meson-meson correlations. For baryon-baryon correlations, however, the new quark coalescence lead to different results, where the baryon-baryon correlation is now almost the same as the corresponding antibaryon-antibaryon correlation (as expected at this high energy). The two-particle angular correlations may depend on the transverse momentum. We investigate this effect by studying the baryon-baryon correlation functions of baryons with p T < 1.0 GeV/c in the model calculations, shown in Fig. 6 . In comparison to the model results for the full p T window [c.f. Fig. 4 ], clear differences are found. An anti-correlation structure is observed, and proton-proton correlations from the new quark coalescence model are closer to the experimental data.
D. The electric charge dependence of two particle correlations in AMPT model
The two-particle angular correlations may also depend on the electric charge of the pairs. Figure 7 presents results from the AMPT-Melting model on p-Λ andp-Λ correlations in pp collisions at LHC energies. It is seen that the shape of the correlation function is similar to the results present in Fig. 5 and Fig. 6 . Our results are consistent with the experimental findings, where the depression is a characteristic attribute connected solely to the baryonic nature of a particle [14] . E. The parton cross section dependence of two particle correlations in AMPT model Next, we address the parton scattering effect on the two-particle correlations by using different parton scattering cross sections in the string melting AMPT model, in order to investigate the separate contributions from parton cascade and from quark coalescence hadronization. We compare the results for 0 mb, 1.5 mb, 3 mb and 6 mb in Fig. 8 , where the 0 mb results represent the hadronization contribution only. The parton cross section is seen to have a small effect for π-π correlations but a large effect for both proton-proton and anti-proton-anti-proton correlations; this suggests that parton interactions play an important role in baryon pair correlations at LHC energies. F. The system size dependence of two particle correlations in AMPT model Finally, we extend the study to p-Pb collisions to see whether such a depletion structure of correlations will be present in small systems from pp to p-Pb collisions. Figure 9 shows the same-charge particle pair correlations for mesons and for baryons in the string melting AMPT with the new quark coalescence. The correlations are shown for a low multiplicity interval and a high multiplicity interval separately, where the parton stage lifetime may be different. We see the usual correlations for the meson pairs but a clear depression on the near side for the baryon pairs. These results indicate that such a depression structure of low p T baryon pair correlations are present in both pp and p-Pb collisions at LHC energies. 
IV. CONCLUSION
We have carried out a detailed study of two-particle angular correlations in pp and p-Pb collisions at LHC energies in the framework of a multi-phase transport model, with the focus on understanding the origin of anti-correlation between baryon pairs observed in the experiment. We find that mini-jet and hadronic scatterings are both important components in order to describe the experimental data, especially for the meson pairs. In addition, only the string melting AMPT model can qualitatively describe the near side depression in the angular correlations of baryon pairs, which suggests that quark coalescence and parton scatterings are essential to describe the particle productions in pp collisions at LHC energies. The new quark coalescence model for string melting AMPT improves the description on experimental data. By comparing the correlation results with difference parton scattering cross sections, it is also clear that parton scatterings are important for baryon pair correlations at LHC energies. Extension to p-Pb collisions with the AMPT model predicts similar baryon-baryon correlations as observed in pp collisions.
